Experimental Study on a 500 W Traveling-wave Thermoacoustic Electric Generator  by Wang, Kai et al.
 Energy Procedia  61 ( 2014 )  2271 – 2274 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.12.445 
The 6th International Conference on Applied Energy – ICAE2014 
Experimental study on a 500 W traveling-wave 
thermoacoustic electric generator 
Kai Wang, Daming Sun*, Ya Xu, Qie Shen, Jiang Zou, Xiaobin Zhang*, Limin 
Qiu 
Institute of Refrigeration and Cryogenics, Zhejiang University, Hangzhou 310027, PR China 
Abstract 
Traveling-wave thermoacoustic electric generator is promising in solar power generation and energy recovering due 
to its high efficiency, high reliability, and capability of utilizing low-grade heat. A traveling-wave thermoacoustic 
electric generator composed of a thermoacoustic engine and two linear alternators is designed and constructed. 
Output electric power and thermal-to-electric efficiency of the system are studied under different working conditions. 
Experimental results show that the load resistance should be optimized to achieve a good performance. A maximum 
electric power of 473.6 W and a maximum thermal-to-electric efficiency of 14.5% are achieved by optimizing the 
load resistances, respectively. Further improvements are expected by increasing the working pressure and optimizing 
the acoustic coupling between the linear alternators and the thermoacoustic engine.  
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1. Introduction 
In recent years, traveling-wave thermoacoustic electric generators are regarded as a promising new 
technology in harvesting low-grade thermal energy and solar energy. Thermoacoustic electric generators 
are typically composed of thermoacoustic engines and acoustic-electric convertors (linear alternator, 
loudspeaker, etc.). It has the advantages of high efficiency, simple structure, high reliability, and long 
lifetime as well as the capability of recovering low-grade heat.  
The first traveling-wave thermoacoustic electric generator was constructed by Backhaus et al. in 2004 
for deep space application [1]. The system generated an electric power of 70 W with an efficiency of 
16.8%. A small thermoacoustic Stirling convertor was later developed by Sunpower, Inc. in 2008, and 
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produced an electric power of 50 W [2]. The above two generator both eliminate the acoustic resonator 
completely. Recently, Luo et al. proposed double-acting traveling-wave thermoacoustic engines, 
cryocoolers, and electric generators, and conducted lots of experimental and theoretical work [3,4]. 
However, the double-acting thermoacoustic electric generator is likely to suffer from the inconsistencies 
between the different thermoacoustic units, which results in a serious performance degradation. Another 
type of thermoacoustic electric generator is that linear alternators together with the acoustic resonator are 
coupled to traveling-wave thermoacoustic torus. In 2010, Luo et. al. [5] constructed a traveling-wave 
electric generator. A maximum electric power of 481.0 W and a highest thermal-to-electric efficiency of 
15.03% were achieved. Recently, Sun et al. have also started the researches on thermoacoustic electric 
generation. An electric power of 345.3 W and a thermal-to-electric efficiency of 12.33% were achieved 
by utilizing both mechanical and electrical resonances [6].  
In this paper, a 500 W-class traveling-wave thermoacoustic electric generator composed of a traveling-
wave thermoacoustic engine and two linear alternators is designed, constructed and experimentally 
studied. The working characteristics of the thermoacoustic generator are then analyzed under different 
heating temperatures and load resistances.  
2. Experimental setup  
As shown in Fig. 1, the traveling-wave thermoacoustic electric generator is composed of a traveling-
wave thermoacoustic engine and two moving-magnet linear alternators. The dimensions of the 
thermoacoustic engine and the parameters of the linear alternators can be found in Ref. [6]. The ambient 
heat exchanger (AHX) is of tube-shell type, and the high pressure working gas oscillates inside the 301 
tubes with a diameter of 2 mm. Chilling water of about 13ć was supplied into the AHX. Electric heaters 
were inserted into the hot heat exchanger (HHX) to control the heating temperature. Three K-type 
thermocouples were installed in the HHX, the inlet and the outlet of chilling water, which are denoted as 
T1, T2 and T3 in the figure. The two linear alternators were installed in the resonator near the tee joint 
between the torus and the resonator. A piezoresistive pressure sensor supplied by Huba Control (model 
511.933003142) with an accuracy of ±0.3% was installed in the cross tubes to measure the mean pressure, 
as denotes by P1 in Fig. 1. The pressure sensors denoted as P2-P5 were PCB piezoelectric pressure 
sensors (model 102B15). The peak stroke of the linear alternator #2 was calculated from P5 using 
|x1|=|p5|Vb/γp0A, where γ is the ratio of specific heats and p0 is the mean pressure. The coils of the two  
 
 
Fig. 1. Schematic of traveling-wave thermoacoustic electric generator. 
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linear alternators are connected in series with a variable electric resistance load and an electric capacity to 
extract electric power and increase the power factor, respectively. A power meter with an accuracy of 
±0.2% was set in the circuit to measure the output electric power. 
3. Results and discussion 
The resonance characteristics of the thermoacoustic electric generator have been proven to be critical 
to the performance of the system, as presented in our previous work [6]. Thus, both the mechanical and 
the electrical resonances were achieved by using helium as the working gas and connecting an appropriate 
electric capacity in the circuit in the study. The filling pressure of the thermoacoustic electric generator 
was set at 2.43 MPa. Fig. 2 shows the output electric power of the thermoacoustic electric generator at 
450°C, 550°C, 610°C, and 650°C with respect to the load resistances. As shown, the electric power first 
increases and then decreases when reducing the load resistance. The optimal load resistances are all in the 
range from 100 Ω to 120 Ω at the above four different heating temperatures. When the heating 
temperature is 650°C, the maximum electric power extracted is up to 473.6 W, which is one of the top 
results obtained by thermoacoustic electric generators.  
The maximum electric powers at different heating temperatures are given in Fig. 3. It is shown that the 
maximum electric power is approximately linearly proportional to the heating temperature. The slope of 
the linear relationship is about 1.51, which indicates an increase of 15.1 W electric power for every 10 °C 
increase of the heating temperature. 
 
Fig. 2. Electric power of traveling-wave thermoacoustic electric 
generator at different heating temperatures and load resistances. 
 
Fig. 3. Relationship between maximum electric power with 
heating temperature. 
Fig. 4 shows the thermal-to-electric efficiency at different heating temperatures and load resistances. 
The optimal load resistance for the efficiency is different from that for the electric power. For example, 
when the heating temperature is 450°C, the efficiency reaches the maximum at about 180 Ω, while the 
optimal load resistance for the electric power is around 120 Ω. For the other three heating temperatures, 
the efficiencies grow continuously with the load resistance when it is below 220 Ω. No tests were further 
conducted at larger load resistances due to the concern that the voltage may exceed the nominal value. 
However, the variation trends slow down gradually when increasing the load resistance, indicating larger 
optimal load resistances for the efficiencies are to be expected at these temperatures. The efficiency 
increases with the heating temperature at all load resistances. The maximum efficiency reaches up to 
14.5% when the heating temperature is 650°C. The peak stroke of the linear alternator #2 is shown in Fig. 
5. The variation trend is similar to that of the thermal-to-electric efficiency.  
The linear alternators act as acoustic loads to the traveling-wave thermoacoustic engine. The acoustic 
characteristics of the load would significantly affect the working characteristics of the thermoacoustic 
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Fig. 4. Thermal-to-electric efficiency of traveling-wave 
thermoacoustic electric generator at different heating 
temperatures and load resistances. 
 
Fig. 5. Peak stroke of traveling-wave thermoacoustic electric 
generator at different heating temperatures and load 
resistances. 
engine and further affects the output capacities of the whole system. Thus, the load resistance should be 
optimized to get the maximum electric power and thermal-to-electric efficiency. Acoustic characteristics 
of the linear alternator and the thermoacoustic engine should be further studied to obtain an efficient 
acoustic coupling between them.  
4. Conclusion 
In this study, a thermoacoustic electric generator is designed and constructed. The performance of the 
system is studied under different working conditions. A maximum electric power of 473.6 W and a 
highest thermal-to-electric efficiency of 14.5% are obtained by optimizing the load resistance, which are 
among the top performances of thermoacoustic electric generators ever achieved. 
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